As a result of the development of high-throughput sequencing and efficient microarray analysis, global gene expression analysis has become an easy and readily available form of data collection. In many research and disease models however, steady state levels of target gene mRNA does not always directly correlate with steady state protein levels. Post-transcriptional gene regulation is a likely explanation of the divergence between the two. Driven by the binding of RNA Binding Proteins (RBP), post-transcriptional regulation affects mRNA localization, stability and translation by forming a Ribonucleoprotein (RNP) complex with target mRNAs. Identifying these unknown de novo mRNA targets from cellular extracts in the RNP complex is pivotal to understanding mechanisms and functions of the RBP and their resulting effect on protein output. This protocol outlines a method termed RNP immunoprecipitation-microarray (RIP-Chip), which allows for the identification of specific mRNAs associated in the ribonucleoprotein complex, under changing experimental conditions, along with options to further optimize an experiment for the individual researcher. With this important experimental tool, researchers can explore the intricate mechanisms associated with posttranscriptional gene regulation as well as other ribonucleoprotein interactions.
Prepare mRNP Lysate
1. Grow and harvest exponentially growing tissue cells to produce between 2-5 mg of total protein for each RIP.
a. Two P150 culture dishes are usually sufficient. b. For each RBP being investigated, total cellular number and protein amounts must be optimized to maximize appropriate target mRNA and RBP interactions. c. RIP for qRT-PCR analysis may require less cellular lysate (approximately 400 μg total protein) due to its amplification and detection method especially for high abundance RBPs such as HuR, AUF1, TIAR.
1. Pre-swell protein A Sepharose (PAS) beads overnight in NT2 buffer (3-4 volumes) with 5% BSA. Store at 4 °C. a. Long term storage of up to several months at 4 °C is possible when supplemented with 0.1% sodium azide. b. Protein Sepharose beads should be chosen based on isotype of target RBP antibody. Proteins A, G and A/G all have specific isotype targets and vary in target affinity. Protein A sepharose beads were used based on isotype specificity and affinity for HuR protein antibody.
2. Before use, remove excess NT2 buffer, so that final beads to buffer ratio is 1:1. 3. Using 1.5 ml RNAse-free microcentrifuge tubes, remove 100 μl of PAS slurry and add 30 μg of antibody for each individual IP reaction (i.e., specific RBP and isotype control). 4. Add 100-200 μl of NT2 buffer to antibody bead mix.
a. Mixture may be stored for several weeks at 4 °C when supplemented with 0.1% sodium azide.
b. An isotype-matched antibody or whole normal sera from same species should be used in parallel as an antibody control against background RNA.
5. Add appropriate antibody to bead mix and incubate overnight, tumbling end over end at 4 °C. a. Optimize antibody titer for specific protein being investigated (1, 5, 10 or 30 μg of antibody is usually sufficient).
6. Prepare antibody-coated beads immediately before use by washing with 1 ml of ice-cold NT2 buffer 5 times. a. Wash bead mix by centrifugation at 13,000 x g for 1-2 min at 4 °C. b. Carefully remove the maximum amount of supernantant with hand pipettor or aspirator but be careful to avoid disrupting pellet. c. Washing helps remove unbound antibody as well as RNase contaminants from antibody mixture.
7. Once the final wash has been completed, resuspend the beads in 700 μl of ice-cold NT2 buffer followed by treatment with various RNase inhibitors to protect the target mRNAs, including 10 μl of RNase Out at 40 U/μl, 10 μl of 100 mM DTT and 15 μl EDTA (15 mM). Bring volume to 1,000 μl with NT2 buffer. a. Vanadyl ribonucleoside complexes are not used due to inhibitory effect of EDTA.
Immunoprecipitation and RNA Precipitation

Optional Preclear
Step: a. To reduce background, beads and control antibody may be used to pre-clear lysate. This may reduce signal in the output. b. This step may be necessary to reduce background when doing IP followed by microarray. It is generally not necessary for IP followed by qRT-PCR. c. Preclear with 15 μg of isotype control for 30 min/4 °C tumbling end over end. d. Add 50 μl of preswollen PAS beads non-coated with antibody from step 2.1. e. Incubate 30 min/4 °C with rotation end over end f. Centrifuge at 10,000 x g at 4 °C. Save supernatant for IP.
2. Add 100 μl of isolated cleared lysate (approximately 2-5 mg) to prepared antibody mix. a. Diluting lysate will help to reduce background and nonspecific binding. b. Amount of lysate input may vary depending on detection method and abundance of RBP or efficiency of RBP antibody as noted in step 1.1.c.
(Optional)
Immediately mix tube by gently flicking several times followed by brief centrifugation at 10,000 x g at 4 °C to pellet beads and immediately remove 100 μl of supernatant as a total input mRNA representation for qPCR analysis using standard RNA isolation techniques. a. This step is to confirm that input lysate RNA is optimal for IP and should only be performed as a check step or as a troubleshooting step following RIP with poor RNA results.
4. Wrap tube in parafilm to ensure tight sealing and incubate at 4 °C for 2 to 4 hr, tumbling end over end. a. Timing on incubation should be optimized based on target abundance and should be minimized to avoid complex rearrangement or degradation. For some RBPs shorter incubations may be more optimal.
5. Pellet beads at 5,000 x g for 5 min at 4 °C and save supernatant for potential analysis by Western blot. Store aliquots at -80 °C. a. Aliquots of supernatant with high amounts of residual target protein may indicate a failure of the protein to be precipitated by sepharose beads.
6. As described previously, wash beads 5 times with 1 ml of ice-cold NT2 buffer and centrifugation (5,000 x g for 5 min at 4 °C) then remove supernatant with hand pipettor or an aspirator. a. More stringent wash methods may be used in order to reduce background by supplementing NT2 buffer with sodium deoxycholate, urea or SDS.
Representative Results
If the procedure is optimized and performed correctly, the immunoprecipitation should yield significant enrichment of mRNA targets. Typically, depending on the RBP and its mRNA target(s), we see enrichment of approximately 10-to 50-fold when assessed by qRT-PCR. Many targets of RBPs can be discovered en masse using microarray analysis. However, this method is more sensitive to degradation as compared with qRT-PCR. Depending on the RBP, the number of targets and the efficiency of the reaction, microarray can reveal hundreds of novel targets, or it may only uncover a few, if any. For example, one of the better characterized RNA binding proteins HuR, post-transcriptionally regulates the expression and translation of many important physiological genes 1, 2 . Isolation of the HuR-ribonucleo-complex via RIP-Chip in breast cancer cell lines, for instance, revealed enrichment of several important known HuR targets, including β-actin using qRT-PCR as shown in Figure 1 . In both cancer cell lines β-actin is enriched 12-to 15-fold. Typically, when performed properly we see a significant enrichment of β-actin in a variety of cell lines. However, if the RIP does not reveal any significant enrichment for β-actin this indicates a problem with the RIP and the procedure may need to be repeated. Furthermore, microarray analysis of immunoprecipitated samples from these cell lines revealed distinct expression subsets of HuR targets in different estrogen receptor (ER) positive MCF-7 cancer cells versus ER negative MB-231 breast cancer cell lines as demonstrated in Figure 2 1 . These targets fall into several categories: known and unknown HuR targets that were either associated or not associated with cancer. For example, CALM2 and CD9 are both cancer genes which were not previously identified as HuR targets. Using the microarray and confirming with qRT-PCR, CALM2 and CD9 were found to be 5-to 180-fold enriched in the HuR pellet indicating a prominent interaction between the HuR protein and these target genes. 
Discussion
Due to the nature of this experiment, optimization and experience will be the only guaranteed ways to successfully acquire the intended results. In many steps of this procedure, temperature and efficient handling of the reagents and products are critically important. Proper planning and execution of technique will help insure that the experiment was performed in an appropriate timeframe at the optimal temperatures recommended. A major issue with RNA isolation experiments is the sensitivity of RNAs to degradation by RNases. All reagents need to be RNase free and stored or used in RNase-free containers. This is a critical step in ensuring the integrity of your mRNA sample. Even when the One potential problem is having low or even no signal from the RNA isolated by RIP-Chip. Although there may be signal from total RNA, this may be the result of inadequate binding protein being pulled down by the beads. The first troubleshooting step is to confirm that the cellular lysate being used has adequate expression of the specific RBP. Upon confirmation, protein may be isolated after the final NT2 wash and resuspended in Laemmli buffer or another appropriate denaturing buffer and heated at 95 °C for 5 min. Western blot analysis may be used on these samples in coordination with input lysate as well as negative controls to ensure sufficient pull down of associated protein.
Furthermore, because lysing the cell is required to access these components, the potential for abnormal and unwanted interactions between normally separated proteins and mRNA may be introduced. These interactions could potentially bind and "soak up" your target mRNAs or binding proteins through nonspecific interactions. Additionally, proteins in these varying conditions can fold in multiple variations and their binding motifs may become inaccessible to their target mRNAs, preventing their interactions. Both of these strengthen the importance of working efficiently as well as utilizing the optimal temperatures listed to limit these unwanted interactions. Additionally, optimization of washing conditions for each specific target protein will be critical to maximize the purity of the interaction. More stringent washing conditions may be needed. For example, the wash buffer may be supplemented with SDS or an appropriate amount of urea to reduce nonspecific interactions and background in your signal output. This will be completely dependent on the experimenter's target RBP as well as the target mRNA in their unique physiological conditions. Some conditions will not be suitable for certain mRNA analysis tools, which should be noted in preparation of samples.
Finally, though RIP is successful in the enrichment of RNA-RBP interactions, a well known issue with RIP (CHIP) method is the inability to identify the specific binding domains of the RBP on the transient mRNA targets. Several cross-linking techniques can be used followed by RIP to isolate unique sequence targets; however, the use of short-wave UV tends to lead to nucleic acid damage. A new method known as PAR-CLIP, or photoactivatable ribonucleoside crosslinking and immuoprecipitation, employs long-wave UV to incorporate thiouridine into nascent RNA allowing the identification of unique binding sites from both stable and transient RNA interactions.
Overall, RIP-Chip has been established as an excellent tool used to isolate and study the interactions between RNA binding proteins and their mRNA targets by our group as well as many other research groups. Though sensitive in nature and practice, proper execution of this procedure will yield the isolation of these RNP complexes, which until recently, have been inaccessible for discovery and analysis.
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